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OA CKCHOUND OF TH E INVENTION 

Pi eld of the inv ention 

The present invention relates to closures Cot liquid 
product contemners and, methods And apparatus for asking the 
same. More specifically, the present invention relates to 
molded synthetic plastic closures which resemb.e the appearance 
of natural cor* and molding techniques for making the same. 
Description oE Prior Art v. 

It is known heretofore to manufacture articles from foamed 
thermoplastics by injection or extrusion of polyurethane, 
polystyrene or poiyolefin. In these cases, the thermoplastic 
may be expanded from e granular f ot » to assui , e , 
solidified foam-like structure by the action of various 
propellant* or agents for expending or bloving the materials. 
The blowing agents, in accordance with no,™,! practice, are 
usually g aflea or gas generating substances that have been 
dissolved or otherwise intimately incorporated withrn'the 
thermoplastic resino~ue material while it> in a„ unexpanded ' 
granular, form. The application of heat' to seen a mature 
causes the. blowing agent to be released or' thermally expanded 
or both. whUe the thermoplastic Material is attaining a 
foaming temperature at which it la sufficiently sottened and 
yieldable to permit the pressure of the expanding blowing agent 
to expand it into the desired foam structure. 

In a special cose of extrusion forming of foamed 
thermoplastics, it is also known to decorate the serface of''* 
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articles zo produced to resemble natural wooJ by imparting to 
t'no surface a parallo). grain structure. Such decoration is 
accomplished by extruding the material through a die having, in 
particular, a multiple number of apertures to form a 
corresponding number of stranJu of expanding resin, collecting 
these strands in parallel relationship, and then coalescing 
them into a body of any desired length- Contaccing surfaces of 
the strands create parallel grain lines which remain clearly 
visible in the surface of the finished articles and c<;:»i»mblc 
natural wood grain. 

In a special case of injection molding of fcajn 
thermoplastics, it is known tu mold articles by injecting into 
an enclosed cavity a measured araoont of expandable 
thermoplastic resin so that, the cavity is not completely filled 
by the unexpanded material but becomes filled the aaLerial 
expands- As expansion occurs r the soLt^ned resin is forced by 
a gaseous blowing agent into contact with the relatively cool 
wails of the mold cavity where the portion of the resin in 

direct contact with the walls is solidified and Tortus a dense 
e 

outer layer or skin conforming to the shape of the cavity and 
functioning as a barrier, L hereby preventing the escape of the 
gaseous blowing agen*~. from the article and causing gas bubbles 
to be entrapped in the articled interior region- Thus, 
articles molded in this Tmjnnec are characterized by a porous, 
foam-like interior and a dense outer shell or skin having the 
same general siie and shape as the mold cavity and which - ace - 
essentially impermeable to most substances. 

By employing certain highly flexible thermoplastic 
materials such as the polyolefin copolymer, ethylene 
vinylacetate, in thu previously described injection molding 
process, the resulting foamed articles will exhibit elastic,, 
properties closely resembling similar products manufactured ' 
from other natural and synthetic elastomers, this flexibility 
and resiliency .plus the presence of an essentially impermeable 
skin allows these same articles if molded into the proper site 



own ui-ulhiviii ow\co yckuiuu:;iu- i-ae ; 12:22 ; 



BENNETT JONES- 



;* 6/29 



JUHT ~t~ t 



inn 



i !77!jOO 



,»nd shape, to function as clonuras Cor liquid product 
containers by being compressed and fitted into the container, 
opening, then being allowed to expand, filling tne opening and 
creating a continuous seal about its perimeter. 

Therefore, tfuch articles would theoretically be useCul as 
replacements for similar closure devices manufactured of more 
familiar m*jt_er ia.ls, such as natural conk used in cantainers of 
medicine^ wine and spirits, in reality, efforts ac replacing 
natural cork closures in liquid product containers, especially 
containers tot wiue products, by manufacturing and utilizing 
closures from injection molded foamed t he rnopla sties have not 
been very successful. This has been due primarily, it is 
believed, to the lack of aesthetically created consumer appeal 
for such closures, and the relationship of the dense**outet skin 
to the porous inner core which dense outr.r skin, vhile 
necessary to make the closure essentially impermeable, can be- a 
detriment to the sealing function of these articles, 
particularly when leakage channels are forced on the dense 
outer skin during the sealing of these articles. 

Since such prior art closures must be compressed to be 
fitted into liquid product containers there is a tendency for 
the dunse outer layer of the closures to wrinkle and fot« 
longitudinal channels in the outer . surface of the foamed 
articles. Such channels' could for» leakage paths foe the 
container contents or allow the ingress of substances harmful 
to the product being contained, such as a*biunt air in the case 
of the medicine or food products. / Tests have shown that these 
channels are canxed primarily by the presence of relatively 
large void spaces between the dense outer skins and the porous 
inn<tr core of the foamed articles, their presence being the , 
result of a previously unrecognised phenomena occur I ng during 
the molding of the articles. Since the dense outer skin has "a 
much higher resistance to compression then the porous inner 1 
core, it tends to deflect into any available void space, 
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creating a channel on the outcc surface of the closuro that 
could result in a disruption or the otherwise con:inuous 
perimeter seal. 

7n addition to -the foregoing problems, pr i or art • 
closures have not beer uniform and consistent in design and 
performance. Thus, such pilot act closures have not been found 
readily acceptable as a replacement for similar closure 
devices, such as natural cock used in containers of medicine, 
wine and :>pici ba . it io well known that natural cork co.iLairu 
various holes and crooks «nd many tiroes will crumble and break 
when inserted or withdrawn from the product container* 

SUMMARY OF THE INVENTION 



Accordingly, it i* a primary object of the present 
invention to provide a molded liquid product container closure 
having a foamed plastic interior and a liquid impervions 
plastic outer skin which is not subject to any appreciable 
wrinkling when compressed. 

It is a further object of the present invention to 
incorporate into the molding technique a method of decorating 
the outec skin of the closure so that it resembles the 
appearance of natuial cork. 

rt is another object* of the present, invent ion to provide a 
synthetic cork article and a means of 'aaking same vJUca 
approaches many of the physical' properties of natural corX"when 
employed ao a closure for a liquid product container. 

It is another object of the present invention to provide a 
synthetic cork article and a means of making same that may be 
employed as a wine bottle stopper and is removable using an 
ordinary corkscrew. 

It is another object of the present invention to provide 'a 
synthetic cork article and a means of making same which may be 
used as « cock substitute in existing bottling equipment * 
without malfunction of said equipment. 
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U is another object of the present i nvcnt{on to pc<Jvid „ a 
.ynthetic cork article that „„ bo manuf occutcd wUh 
I and will „ot break 0r crenble -hen insert or withdrawn tf0 „ 
the product container. 

Thus, the combined objectives of the present invention are 
to provide a synthetic cork article and a raeans ot iaaking ^ 
which will perform satisfactorily „ . subfltitute foe 
cerk in a closure, or portion of a „ ioSu re. for a liqci(J 
Product container without fear of l ea kage int0 „ oufc Qf said 
container and will satisfy the aesthetic retirement tor a 
natural voet cl0Sure lt) Sucn cor , tai , lers ^ ^ ^ ^ ^ 
liquor produces* 

The objects of the present Invention arc fulfilled by 
injecting the thermoplastic rc Si „ i„ to each „ oW ^ 
a. single orifice in each mold cavity which forms the material 
!ntu a single ,nd continuous elongated, strand within each sold 
cavity. As the scrand iength buUas u each ^^^^ ^ _^ 

contained by the cavity wall, which force the singl. and 
continuous elongated strand to collect in a random fashion when 
the strand ,«„t 8 resistance within the mold cavity and contact 
»t»l£ at various points along its length. rte expansion of 
the blowing agent causes the randomly positioned loops of the 
strand to expand and coalesce leaving grain linog ^ 
surface of the molded article similar to> hose found in the ' 
surface of extruded articles manufactured in accordance with 
previously known Cachings bat which, in distinction, are not 
straight oc parallel but o£ va.yin.g direction, occasionally 
intersecting. and whl ch are formed from a single and continuous 
elongated strand of resin. M ao , the51i atfciclM ^ 
randomly oriented grain li„ os on the entire outer surface, 
including the end, thereof, and thus constitutes an improve^ 
ever articles manufactured by extrusion that normally ao not * 
contain randomly oriented grain lines on the ,„d a ot the ... 
articles. These randomly oriented grain Unes, uhen 

- 5 - 
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in the entire surface of an article having the same gehecal 
size and shape as the natural cork portion of 3 closure Cor a 
liquid product container, cause the article to resemble natural 
cor* in appearance," 

Resistance to wrinkling during subsequent compression of 
tile article is improved to a satisfactory level by 
incorporating into the molding method of the present invention 
a specific technique and series of embodiments to the molding 
equipment which, together, eliminate the tendency of the 
foaming material to form large void spaces between the dense 
outer skin and the foamed interior of the article. This is. 
accomplished by insuring that all the resin material to be 
utilized in each article enters the mold cavity, and chat each 
cavity entrance ia positively sealed prior to the expansion of 
the resin, to form a solidified outer skin adjacent to the 
cavity wall. 

It W3S found in prior molding techniques that further 
ingress of material after the relatively rigid and dense outer 
skin has formed, sets up a shear boundary layer within the 
material being molded and results in the still soft inner core 
of the article shifting relative to the dense outer skin, thus 
breaking the material bond between the dense oucer skin and the 
inner core* Gac pressure subsequently forces the porous inner 
core of the article away from the donee^.outer skin thereby 
creating large void spaces immediately beneath the rigid and 
dense outer skin. The lack of a complete bond between the 
dense outer skin and the porous inner core results in, during 
compression of the molded article, relative movement between 
the two components dense outer skin and porous inner 

core) of the molded closure device, which results in wrinkles* 
and lerkage paths on the outer surface of the aoided closure- 
device. * 

Chronological separation of injection and expansion steps 

is achieved by several embodiments to the improved molding' - 

technique and equipment of the present invention including: 
"■ 6 — 
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• The «xi.i,ation of the available injection pressure 
and speed with a corresponding minimisation of venting 
within each mold cavity of a pi uraUty o£ „ u 
cavities with the result, during injection, o£ a 
temporary pressor i nation of each cavity caused by 
rapid ingress of expandable resin ana the opposing 
slow escape of displaced gas which restricts the 
expansion of the thermoplastic resin to for* a 
solidified exterior until the injection of each cavity 
is completed. 

The creation of a ronnerless molding technique by the 
incorporation within the single small orifice of each 
mold cavity through which all material must flow to 
roach each mold cavity of a positive „ eans & shutti „ g 
off the flow of mat-rial to or froffl each cavity such 
that no continued channel for^resU flow exists 
between each shutoff in its associated cavity and the 
heated runner channel following completion. of the 
injection portion of the molding cycle of that 
particular cavity. 

The utilization of *a ch 8huto « .„ lts aaooeUted 
cavity as a means of Initiating and terminating the- 
injection of material into each Cavity such "that the 
period for transfer of material.^ or from each mold 
cavity through its respective" injection orifice can be 
positively controlled. 



BRIEP_DESCKIPTIOM Of TUB DRAWl MGS 



The objectm ot the present invention and the attendant v, 
advantages thereof will become more readily apparent by 
reference to the following drawing, wh a„in liKe Mfetence - ' 
characters are employed to designate like parts. 
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Fifjuro 1 Is a cross-sectional view ol a typic.il mold 
*hich could be used in an attempt to manufacture closures foe 
liquid pcoduct containars which resemble natural cork. 

Figure 2 is a cross-sectional view o-* the mold o£ the 
preferred embodiment of the present invent on for the 
nanufarrtnre of closures for liquid product containers which 
ccc.21nb.le natural cork, but do not have undesirable channels on 
the exterior surface of the molded article and not subject to 
appreciable wrinkling. 

Figure 3 is a perspective view of one embodiment ol * 
closure for a liquid product container in accordance with tbe 
present invention. 

Figure 4 is a perspective view ot another embodiment 

of the closure of tho present invention. «■ 

Figure S is a perspective view of still another 

embodiment of a closure for a liquid product container in 

accordance with the present invention- 
Figure 6 is a perspective view of a closure for a 

liquid product container which incorporates the present ' 

invention as only a portion of the closure. " 

Figure 7 is o cross-oeotionol view of a closure for* a 

liquid product container formed from the mold of Figure l. 

Figure 8 is a cross-sectional view of a closure for a 

liquid product container- of the improved ^type in accordance 
with the. present invention made from the mold of Figure 2. 

DETAILED DESCRtP-flOti OF THR fiPhWrnffg 



To provide a synthetic cork closure device which can 
function satisfactorily as a replacement for the natural cork, 
portion of closures for containers of medicine and food 
products such as wine and spirits, it has been found oecessary 
to control the size, shape, surface smoothness, elasticity, 
density distribution and aesthetic appearance of such 
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articles, factors found to be of particular inpocUnce in 
achieving the desired results in these areas include 
thncttoplast ic rosin types and blends, blowing agent type and 
level, processing tempera tures, injection pressure and speed,- 
mold design and mold temperature; 

The basic resin material utilized in the invention is 
preferably a polyolafin hnving good flexibility and resiliency 
such as ethylene -vinylacetate copolymer (Eva) . to achieve the 
exact combination of properties d&sired in the finished 
hi tides, it is necessary to choose an EVA material based on 
the percentage oC vinylacetate (%VA) incorporated into the 
copolymer and the melt index of the resin, typically usable 
resin grades vary between 9 *nd 25% VA and between 2.0 and 8.0 
in melt index and are available from a number of sources. The 
properties of the finished closures may be enhanced by the 
addition to the basic rosin of small quantities of a hardness 
modifying additive, such as polyethylene homooolyner or 
ionically cross-linked athylene-mcthacrylic acid copolyoers. 
The addition of such a hardness modifying additives, such as 
polyethylene homopolymer or ionically cross-linked ethylene 
methacrylic acid copolymers, tends to vary the hardness and 
strength of the finished article. 

to the basic resin or mixture of resins is addefa suitable 
chemical blowing agent to expand the resin to proper density, 
jrhc ptisf erred blowing agent is azodicarbonaoide (AfifA) because 
of its decomposition temperature which is in the normal 
processing range of EVA resin and because of its relatively 
high rate of gas evolution. Of course,- other known bloving 
agents, such as ozodeca ebon oxide may be utilized without 
departing fron the spirit a i scope of the present invention. 

The amount of blowing agent to be added is dependent on. the 
density distribution desired in the finished article and the ' 
processing temperature of the raw material. Foe example, it 
has been found that by minimizing the proportion of blowing- 
agent level and/or the processing temperature, articles are 

-1- 
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produced th.it exhibit a loss dense outer skin and 3 less portfus 
inner core, thereby making the density distribution through the 
article more unlfoci, which of course, U more desirable to 
prevent leakage paths on the exterior surface of the molded . 
articles. . 

In addition to the resins and chemical blowing agenc, 
pigmenLs arc added to the raw matorlal blend to giv- a cork- 
like color to the molded article. Optionally, a number oE 
other materials also may be added including surface lubricants, 
chemical blowing agent activators and ultra-violet radiation 
stabilizers, all of which may add slight improvements to the 
ptoducibility and/or performance of the articles. 

In producing synthetic cotX closures, appropriate amounts 
of each of the mater ial S arc mixed thoroughly prior t% molding. 
A typically preferred blend is as follows: 



EVA, 9-25% VA and melt index 2.0-8.0 

Polyethylene horaopolymer 

ABFA 

Pigment blend 



BOi by wt 4 

191 

0.5t 

1 Off. (H by wt. 



With this blend, 24mm dimeter by 1.75 inch long closures 12 of 
the type often utilized is standard 750 ml vine bottles, and as 
shown in Figure 3 and 4, were manufactured at processing tem- 
peratures in the rang* of 37O-40OT. Thia particular closure 
size and resultant density distribution showed superior 
OQchanicai_performance characteristics £0 similar natural conk 
closures or to other synthetic cork closures of a different 
density distribution. Other closure styles ca* be manufactured 
using this blend of materials and have shewin comparable 
results, these include a closure \2 having an enlarged end 12a 
for gripping as shown in Figure 5, and the shank portion 13S o£ 
a 2-piece closure as shown in Figure 6, which is subsequently 
attached or glued to a seta 1, plastic or wooden cap 12 with/*, 
adhesive* 

-t 
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to .i„l„i, 0 tho coating 'ti'jj^H the molded article, the 
optimum mold temperature was fooni to be 70-90'f. After 
molding, the closures are ejected from each .old cavity ineo 
water or ref rigorated sr.virona.ont for cooling purposes. 

in order co achieve an authentic cork-like co i or and 
appearance, it is a discovery of the present invention t»t the 
ush of rm.irsc ground P ovd*red pigments as a p<>rtioa o£ the 
Pigment blond enhances the cork-like appearance of the finished 
articles by leaving specks in or near she surface of the 
closure. Thns« S p P ck.s Improve the likeness to cock which also 
contains such "blemishes'. r„ a preferred embbdi«nt, a 
pigment blend was utilized, wherein at least 5% of the pigment 
blend contained a vnt.C. certified alumina-lake powH« having a 
particle size i„ the range of 40-60 microns, such augment 
bland produced a closure having a cork-Uke color and appear- 
ancc. i 

To produce articles which would perform adequately as 
closures and which incorporate the decorative surface 
resembling natural cork, it is necessary to design a special 
mold which causes the melted resin material to be injected l„ to 
each mold cavity in. the form of a single long continuous 
strand. This is done by fitting each mold of a plurality of 
mold cavities with a single aperture or gate of extremely small 
size through which all resin entering the. cavity sust pass. ' 
. The surface decoration_va* found. to be alterable by.changing 
the size oC the orifice. However, article* molded using ao 
orifice diameter between 0.030 and.- 0.0SS inch was most 
preferred from an aesthetic standpoint. Pressure on the melted 
resin material from the injection unit force, the melted resin 
material to be injected into each cavity through it* respective 
orifice, thereby debiting a a i„g ls strand ?f SOItened ^ 
in the cavity. The cavity vail* of each enclosure. In turn. ' 
produce reactance to the etrand a„d force the strand to 
collect in a randomly oriented group of coil, which expand to 
fill the cavity. The coale.onc. of the loop* during expansion 
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creates randomly oriented .jrain lines which remain gl.-arly 
visiaic in the article's surface following solidification. The 
presence of the randomly oriented, grain linos, cosults in a 
raoldwi article that closely resembles natural cock. These •. 
randomly oriented grain lines may be accentuated by using a 
pioiUAt blend that contains at least 51 of a ?'Jt,C certified 
alumkna-lHko powder having a particle size i* the range of 
40-60 miccons. 

One type of mold which can be utilized is depicted in 
Pigare 1. Reruns* the molded article" r, ability to seal the 
.container is improved by its smoothness on the surface which 
contacts the container, it is desirable that this surface 
contain no parting lines or gating blemishes. Therefore, the 
mold should be designed so trot the parting line is ilong the 
edge of the contact surface, and ga' ing is accomplished on a • 
surface whif^h will not contact the container, when the closure - 
is used in scaling th« container, namely, an end of the closure 
being formed, in the mold of Figure 1, utilizing a permanent 
channel for plastic flow to the mold cavity, referred to as a 
sproe S and runner EA, 'a mold having at least four plates which 
separate, during the ejection sequence was required. Plate a 
coor.a\na the sprue bushing SBU which has a means of pulling the 
solidified material 10 remaining in the sprue 5 and "runner tA 
avay from the molded" article during ejection. Plate X-l is 
designed, to strip the nelidifiod material from the sprue 
bushing SBO. plate x-2 forms the top surface of the cavities 
and contains the runner EA and the, orif See gates OG required 
for injection of material into the cavities C. Plate a 
contains the cavities C, themselves. 

Although four plates Including Plate A are illustrated in t 
Figure 1, the three plates x-l, x-2, and B constitute a con % 
ventionnl type of 3-pl«te injection mold. In use, the Plate X 
la bolted to the fixed platen (not shown) of the molding 
machine using the locating ring LR for alignment With a 
corresponding hole on the platen. The ejector housing eh is 
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Ihco boUcTto the .oving platen (not shown). m mold {, then 
operated simply by travel of the moving platen which opens and 
closer the MM as follows: Fro the full shut position, which 
i» " vk, the moving platen starts polling the „.old apart, tho 
Pi ' iding on four guide pins CP. The mold Bay pan 

or: .nally at either parting line PI or P2. Assuming parting 
line n, the ejector housing Ell and Plate B which are bolted 
together plus the pUte X-2, will travel away with the »ovlng 
platen until the stripper bolts SB 2 take up. This action 
bteahs the connection between the molded part 12 and the 
solidified material in the sprue S and runner 10 at the gate 
opening OG. At take up, the distance between the x-1 and X-2 
pl-t«s is held and. as the platen continues to travel, the nold 
parts at parting line P2. Plate B will continue to Separate 
from plate X-2 until stripper bolts SBl take up. During this 
travel, the ejector ploto BP makes contact with a f ixe d stop, 
forcing the ejector pin EJ to remain still while the PUte B 
continues to travel. This forces the oolded parts 12 to be 
<«utomatically ejected from their respective cavity. 

After stripper bolt's SBl and 582 have taken up, plate X-1 
is polled away from Plate A. The Plate x-l was originally held 
in position by the solidified material in the sprue and runner 
channel which formsjhe shape of the sprue channel s'havlng a 
bulge BO and a runner EA, The bulge holds the solidified 
material 10 in the sprueJjushing 380 when the plate, X-2 starts 
away, allowing the aprue and runner to break at the gate 06. . 
When the plate x-l starts to travel It acts on the solidified 
material to pull it £ com tha sprue channel. The plate x-l is 
slotted (not shown) so that after the solidlfiad material is 
pulled from the channel it drops through the slot and out ofr, 
the «->ld. The mold is reclosed by reversing tha moving 
platen. 

in operation, the injection nossle valve M is brought into 
contact with the sprue bushing SBO. It is then opened by . 
retracting pin pi and ••'toMd rosin is Injected Into the sprue 
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channel defined by sprue bushing SHU where it initially starts 
to expand. m Continued injection, however/ fills and pressurizes 
the sprue cha"tiol, compressing the resin bacit towards its ori- 
ginal state. At ascertain prcssuce, the resin will begin, to.be 
injected through the small orifice oates OG leading to the mold 
cavities C where it again starts to expar-d. At the appropriate 
time, before each cavity C becomes completely filled, the 
nozzle valve Nl is shut o£C, stopping the flow of material to 
the sprue channel. Ma tor ial will continue to flow, however, 
from the sprue chamber to the mold cavity <st a decreasing rate 
as the two different pressures attempt to equalize. At some 
point, depending on the initial temperature and viscosity 
characteristics of thy resin, the aold temperature and the size 
of the orifice 0G r the material within the orifice itself will 
stop moving and solidify, preventing further transfer to or 
from the cavities C. Simultaneously with this injection 
sequence, the material entering the cavities C will undergo 
nxpansion, the rate of expansion being a function of the 
pater ial blend, the material temperature f the design of the 
Bold with regard to ventincj in the cavities C and the total 
amount o£ material injected. It has been found that subtle 
changes in resin blend or temperature will cause significant 
differences in the amount of resin which actually enters the 
cavity. Therefore, a well-balanced runner- system is a 
necessity in the mold machine. 

The rapid injection of material into the mold is of impor- 
tance to the subsequent performance" of the molded "article as a 
closure for «* liquid product container, if injection occurs 
too slowly, the initial portion of the resin entering the 
cavity will have time to expand, contact the relatively cool « 
walla of the mold cavity and solidify Into a rigid and dense- 
outer skin before the remainder of the resin can enter the " 
cavity. Continued injection after this dense outer skin has 
formed will set up a shear boundary layer within the article 
being molded between the still soft inner core and the rigid 
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outer skin which result* in o shirt between the two portions. 
This shift breaks the material bond between the two distinct 
portions of the molded closure. Expanding g ds will ultimately' 
collect in tho 'boundary layer surface and force the two 
secants of the closure apart, thereby creating large voids v 
immediately b.ineath the dense outer skin of the closure as 
illustrated in Figure 7. 

During subsequent compression of the molded closures 12 Cor 
use in liquid product containers, these voids would serve as 
spaces into which the dense outer skin of the article could 
deflect to avoid compression, thoreby creating a longitudinal 
channel on Uh« molded closure surface. These longitudinal 
Channels often become leakage paths between the molded closure 
and the container wall allowing substances into or out of the- 
container. To ovoid thase leaks, it is necessary to eliiinate 
the prBser.ce of the void spaces by completing the injection of 
rasin material into 'the mold cavity prior to its expansion ho 
form a rigid and dense outer skin. 

it should be understood that the mold of Figure 1 can be 
successfully utilized to achieve one object of the present 
invention, namely, a synthetic cork having an external appear- 
ance resembling natural cork. However, the mold of figure 2 
and the method of utilising Ll,.e same described hereinafter, 
elimlnafci-s Hie creation 'of the aforementioned void spaces. 

The mold of Figure 2 works similarly to that o£.Pig Ute I, 
except that there arejfar fewer parts since no solidified •' 
material must be ejected fron the sprue and runner "charter, a 
hot runner system is utilized instead. The hot runner manifold 
HR and the hot tip bushings HTB, contain heaters (not shown) 
which prevent the plastic resin in the runner system u f £0 » . 
solidifying. A lone parting line Pi exists between pi ates V 
and B since the X-l and X-2 plates no longer exist. 

To accomplish this task of eliminating void spaces, it Is 
dusirable to increase the injection pressure to the maxim™. > 

available on the Molding machine (at the time of the test,- 
- IS - 
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approximnebly 16,000 psl.j,, and [bvcuae injection pressure i, 
created in this case by a hydraulic fluid cylinder/), to 
enlarge the flow channel of pressurized hydraulic fluid to the 
cylinder so that a -very high pressure can be maintained on the 
rosin at all times during injection. Next, mM cavity venting 
should bo decreased to minimum by reducing the clearances 
between th« mold parts such as plates h and B which form the 
cavities C. This results in the cavities being temporarily 
pressurized by the entrance of the resin and subsequent dis- 
placement of the air so that the pressure, whic;, served to 
restrict the expansion on the resin, is retained longer. 

However, when a mold is utilized such as the mold of Figure 
1, oven with extremely rapid injection times and miniaum 
venting, some shear boundary layer damage may still {four to 
the interior of the molded articles 12 due to the continued 
slow ingress of pressurized material from the sprue chamber to 
the cavity c long after actual injection has ceased, tt is a 
discovery of the present invention that to control the transfer 
of material more directly, it Is necessary to incorporate a 
valve within the orifice gate OG itself. Th ls led to the 
invention of the preferred mold and valve configuration 
depicted in figure 2. 

Tbo valve pins 5P of Figure 2 ate specially designed to fit 
into orifice g-t«» OG of the mold and to, .perform the intended 
function- of allowing sprueless tolding. 

The pins SP slide back and-forlh £n the runne/syswm E/.- " 
opening and closing the orifice gajes. The pins SP can be 
poweied hydraulically or pneumatically, using a piston 
arrangement PU as shown in Figure 2. Of additional importance 
is the fact that the sealing L accomplished at the very tip of 
the orifice gate OC to prevent any premature expansion of 
resin. 

With this Figure 2 mold, a cycle is also Initiated as In 
rigure I by btinglng the nozzle into contact with the hot • 
runner manifold HA, openly the valves PI and SP and injecting 
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a mo.-.r.ureu amount of resin into each cavity. A<Jllin , berote 
each cavity is completely filled, the valves at* sft g lof£( 
allowing th^matcrtal already in each cavity c to expand. 
However, because the shutoff pins i„ figure 2 are dir<!eUy . 
adjacent to the mold cavities at openings OG, no voW of 
softened, pressurized material remains in direct contact «ith 
the material being molded during tne cpoling and solidification 
Period of the molded articles 12 -hich could cause the con- 
tinued slow ingress ot material into the cavities C. ay the 
continued utilization of high injection pressure anil mini™ 
-old vantirig, it is possible, in this Figure 2 t 1 9sign t0 
complete and terminate the injection of material into each mold 
cavity proper prior to its expansion to for* a skin, rhts, the 
creation of the undesirable void spaces is eliminated. 

The remainder of the molding cycle is similar to other 
conventional injection molding operations, as described in tha 
operation or the ™old of Figure 1. After a sufficient cooling 
period, the mold is opened and the solidified closure 12 is 
automatically ejected into water or similar refrigerated envi- 
ronment. Reclosing the mold initiates a repeat o£ t „ e cyclft 
Closures molded by this method of Figure 2. as shown i„ Figure 
8, have been found to exhibit none of the boundary layer- 
created voids of previous methods. Subsequent usage"'ln liquid ' 
product containers iTas shown that leakage: due to channels in 
the closure surface has ceased to be a'pcoblem. Furthermore, 
in the present molding wethod, no material is wasted by - 
solidification in the sprue and runner chamber, thereby 
reducing molding costs. 

The invention being thus described, it will be obvious that 
the same may bo varied in many ways. Such variations are not, 
to be regarded as a departure from the spirit and scope of the 
present invention and all such modifications as would tw ■'' * 
obvious to one skilled In the art ace Intended to be included 
within the scopo of the following claims. 

■ • -17- .. .. ..." 
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CLAIMS: : « A method lot m.iking a plastic clunucc for liquid 
product containers, tho external surface of said closure having 
an appearance resembling a natural cork closure comprising the 

GtOp$ o£j 

providing a mold cavity having the shape of said clo- 
sure and predetermined internal dimensions; and 

injecting a strand of expandable plartic material 
containing a blowing Agent into said mold cavity, the cross- 
sect \o: a 1 dimension of said strand relative to said internal 
dimensions of said cavity being so selected that said strand 
collect* in said cavity in randomly oriented groups of coils 
which expand to fill said cavity and the coalesence of said 
groups of coils during expansion creates randomly oriented 
grain lines on the surface of said closure which testable the 
appearance of natural cock. 

2- The method foe making a plastic closure for 
liquid product containers according to claim 1 wherein said 
mold cavity is disposed in a sprueless aold and has walls 
defining the shape of said closure and an entrance orifice in 
one of said walls and said strand contains a predetermined 
amount of expandable plastic material injected directly into 
said mold cavity through said entrance orifice, and 'comprising 
the further step ofT* 

sealing said entrance orifice immediately when said 
predetermined amount of material has been injected into said 
cavity to stop any further flow of, material <nto said cavity 
and keeping said entrance or if ice sealed until said material 
expands to form said closure; 
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whereby the closure formed has a liquid impervious 
outer skin and a foamed core with no appreciable void spaces or 
separations between said outer skin and said foamed core into 
vhich said outer sXin will collapse when compressed. 

3- The method of claim 1 wherein said plastic material 
ccmprises a blend of: 

ethylene-vii.yl acetate copolymer having a melt index of 
about 2.0 to 8,0 arid containing vinyl acetate in an amount of 
about 9 to 251 by weight; 

a blowing agent ; and pigment for imparting the color of 
natural cork to said article. 

4. The method of claim 2 wherein said plastic xaaterial 
comprises a blend of: 

ethyl cne-vinyl acetate copolymer having a melt index 
of about 2.0 to 8.0 and containing vinyl acetate in an amount of 
about 9 to 251 by weight; 

a blowing agent; and pigment for imparting the color 
of natural cork to said article. 

5. The method 'of claim 3, the plastic material further • 
including polyethylene homopolyme*. 

6. The method of claim 5 wherein the ethylene-vinyl 
acetaitt copolymer is present in about 80% by weight and contains about 
19% polyethylene by weight , the blowing agent: present in about 0.5% 

by weight and the pigment present in about 0.5* bf weight. 
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7. The method of claims 3 or 4 wherein said blowing 
agent is azodicarbonajnid*. 

8. The method of claims 3 or 4 the plastic material 
further including an ionically cross-linked ethylene-methacrylic 
acid copolymer. 

9. The method of claims 1 or 2 wherein said plastic 
material is mixed with a pigment blend, of which at least 51 of 
the pigment blend is a powdered pigment having a particle size 
in the range of 40-60 microns- 

10. Th« method of ciaima 3 or 4 wherein said pigment 
blend includes at least 51 of a powdered pigment having a particle 
size in the range of 40-60 microns. 

11. A method for maJcing a plastic closure for liquid 
product containers comprising the steps of: 

providing a hot runner add assembly having a plurality 
of mold cavities, wherein each cavit? includes walls defining 
the shajeof said closure and plurality of a cavity entrance 
orifice in one of said walls of each cavity; 

injecting a predetermined amount of expandable plastic 
material having a blowing agent therein directly into each of 
said mold cavities through said entrance orifice of each cavity; and 

sealing said entrance orifice immediately when said 
predetermined amount of material has b«en injected into said 
cavity to stop any further flow of material into said cavity 
and keeping said entrance orifice sealed until said material 
expands and solidifies to form said closure j 

whereby the closure formed has a liquid impervious 
outer skin and a foamed inner core with no appreciable void 
spaces or separations between said uter skin and said foamed 
inner core into vfaidi said outer skin will collapse when 
compressed* 

B **a- 
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12. The method of claim 11 wherein the entrance orifice 
of each said mold cavities is sealed by mechancial means. 

13. The method of claim 12 wherein the mechanical 
sealing means comprises valve pins specially de signed to fit 
intb tha entrance orifice of each mold cavity, said valve pins 
being actuated by hydraulic or pneumatic means. 

14. A composition for forming a molded plastic article 

having an external appearance resembling natural cork comprising 
a blend of: 

ethylene- vinyl acetate copolymer having a melt index 
of about 2.0 to 8.0 and containg vinyl acetate in an amo unt 
of about 9 to 25% by weight; 

a bloving agent; and 

i 

pigment for imparting the color of natural cork to 
said article. 

15. The composition of claim 14, wherein the blend 
further includes polyethylene hoaopolymcr. 

16. The composition of claim 15 wberein the ethylene-vinyl 
acetate copolymer is present in about 80% by weight and contains 
about 19% polyethylene by weight, the blowing agent is present 

in about 0.5% .by weight and the pigment is present in about 0.5% 
by weight. 

17. The condition of claim 14, wherein said blowing 
Agent is azodicarbonanide , 

18. The composition of claims 14, 15 or 17, further 
including an lonicaUy cross- linJced ethylene methacrylic acid 
copolymer. 
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19. The coo-position of c Ui« 1< wherein said pig» nt 
blend includes at least 5 » of a powdered pi^t hRvln g . particl , 
size in the range of 40-S0 microns. 

20. a molded plastic closure for liquid product con- 
tainers having « external appearance reselling natural cork 
comprising a blend of: 

ethylene-vinyl acetate copolymer having a melt index 
of about 2.0 to 8.0 and containing vinyX acetate in an anouot ' 
of about 9 to 25» by weight; 

a blowing ag-nt? and 

pigment for parting the color of natural cork to 
said article. 



21. The closure of claim 20 wherein the closure further 
includes polyethylene homopolymer. 

22. The closure of claim 21 wherein the ethyXene-viavi 
ecetate copolymer 1. present in about 80% by weight and contains 
about u. polyethylene by weight, the blowing agent is present 
in about 0.5, by weight and the pigment is present in about 
0-5* weight. 

23. The closure of claim 20 wherein said blowing agent 

- -is azodicarbonamide. 

24- The closure of claims 20, 22 or 23 further 
including en ionically crone-linked ethylene methacryUc acid 
copolymer « 

25. the closure of claim 20 wherein said pigment blend 
include, at leeat 5% of . peered pigment bavin, . particle size 
ia the range o£ 40-40 microns. 
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26. A synthetic cork closure having an external 
appearance resembling natural cork comprising a blend of: 

expandable plastic material; 
a blowing agent; and 

pigment blend wherein at least 5% of the blend constitutes 
a powdered pigment having a particle size in the range of 40-60 microns. 

27. Tha synthetic cork closure of claim 26, wherein 

the expandable plastic material is ethylene-vinyl acetate copolymer 
and tha blowing agent is asodicarbonaau.de. 

28. the product formed by the process of either claims 
1/2 or U. 
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